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(57)Abstract: 



PROBLEM TO BE SOLVED: To provide a method for fabricating a 
semiconductor device in which a thin film transistor having a high on-current and 
a low off-current can be formed easily. 

SOLUTION: The method for fabricating a thin film transistor on an insulating 
substrate 1 comprises a step for forming a source electrode 3 and a drain 
electrode 4 of transparent conductive film on the insulating substrate 1 , a step for 
forming heavily doped layers 6, 7 covering the source electrode 3 and the drain 



electrode 4 while isolating from each other, a step for exposing the heavily doped 
layers 6, 7 to hydrogen plasma generated through hydrogen discharge, a step for 
depositing a semiconductor layer 9 covering the heavily doped layers 6, 7 after 
exposure to hydrogen discharge, and a step for depositing a gate insulation film 
10 on the semiconductor layer 9 and then forming a gate electrode thereon. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The process which forms the source electrode which consists of 
transparence electric conduction film on said insulating substrate, and a drain 
electrode in the thin film transistor formed on an insulating substrate, The 
process which forms the high concentration impurity addition layer which covers 
said source electrode and drain electrode, respectively, and is separated, The 
process which makes said high concentration impurity addition layer expose to 
the hydrogen plasma generated in hydrogen discharge, The manufacture 
approach of the thin film transistor characterized by including the process on 
which the semi-conductor layer which covers said high concentration impurity 
addition layer after exposure of said hydrogen plasma is made to deposit, and 
the process which forms a gate electrode on said gate dielectric film while 
forming gate dielectric film on said semi-conductor layer. 

[Claim 2] The manufacture approach of the thin film transistor according to claim 
1 characterized by forming said semi-conductor layer within the same equipment 
which performs said hydrogen discharge. 

[Claim 3] The manufacture approach of the thin film transistor according to claim 
1 or 2 characterized by for said high concentration impurity addition layer being a 
silicon semi-conductor layer, and said semi-conductor layer being an amorphous 
silicon semi-conductor layer, a polycrystalline silicon semi-conductor layer, or a 
microcrystal silicon semi-conductor layer. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the 
thin film transistor used for a matrix display component, a contact type image 
sensor, etc. 
[0002] 

[Description of the Prior Art] In a thin film transistor (TFT), it is high, the current, 
i.e., the ON state current, of switch-on of a transistor, and it becomes important 
to become low, the current, i.e., the OFF state current, of non-switch-on of a 
transistor. 

[0003] conventionally, as an ingredient of the semi-conductor layer which 
constitutes the channel field of a thin film transistor, amorphous silicon (a-Si), 
polycrystalline silicon, or microcrystal silicon boils many things, and is examined. 
And in order to make the ON state current of a transistor high, it is necessary to 
raise the electron of the channel field of a thin film transistor, or the mobility of an 
electron hole. The approach of using laminated silicon layers, such as two-layer 
[ which has crystallinity different, respectively as current and such an approach ], 
or three etc. layers, as a semi-conductor layer is examined energetically. 



[0004] or various the approaches of raising the membraneous quality of 
hydrogen plasma treatment Perilla frutescens (L.) Britton var. crispa (Thunb.) 
Decne. are also boiled, and the semi-conductor layer which constitutes such a 
channel field is examined. 

[0005] on the other hand, in order to make the OFF state current low, methods of 
joining junction between the progression in quality of the PN junction formed 
between a channel field and a drain or this channel, and a drain, such as 
reduction of electric field, boil many things, and are examined. 
[0006] Or the method of improving ohmic contact in a source electrode and a 
drain electrode, and a semi-conductor layer is shown in JP,61-232673,A as a 
means to acquire the high ON state current and the low OFF state current by the 
simple approach. Such ohmic contact is established at the time of the OFF which 
impressed zero or a negative electrical potential difference to the gate electrode 
in order to suppress the flowing drain current low enough, while making a 
channel field a drain current flow smoothly at the time of the ON which impressed 
the forward electrical potential difference to the gate electrode in the case of the 
thin film transistor of an N channel. 

[0007] Hereafter, the technique of the above-mentioned open official report is 
explained based on drawing 5 . Drawing 5 is the sectional view of a thin film 
transistor which the above ohmic contact improved. 

[0008] As shown in drawing 5 , the source electrode 22 and the drain electrode 

23 which consist of transparence conductive layers, such as ITO, are formed on 
the glass substrate 21. And the high concentration impurity addition layers 24 
and 25 are formed in the surface section of the source electrode 22 and the drain 
electrode 23, respectively so that this source electrode 22 and the drain 
electrode 23 may be covered. These high concentration impurity addition layers 

24 and 25 are the a-Si film added considering Lynn or an arsenic as an impurity. 
[0009] And it is formed so that the semi-conductor layer 26 which is the a-Si film 
may cover these high concentration impurity addition layers 24 and 25. 
Furthermore, gate dielectric film 27 is formed in the front face of the semi- 



conductor layer 26, and the gate electrode 28 is formed by transparence 

conductive layers, such as ITO, on gate dielectric film 27. 

[0010] 

[Problem(s) to be Solved by the Invention] In such a conventional thin film 
transistor, the drain current of the OFF state of a thin film transistor is reduced 
sharply. For example, when a thin film transistor is an N channel mold, if gate 
voltage becomes negative, a drain current will hardly flow. This is the 
effectiveness of the high concentration impurity addition layer formed on a source 
electrode and a drain electrode. 

[001 1] However, with such structure, that the drain current of an ON state falls 
sharply arises. This is because it is easy to produce the natural oxidation film 
whose thickness is about 3nm in the front face of a high concentration impurity 
addition layer and ohmic nature with the semi-conductor layer 26 may be spoiled. 
[0012] This phenomenon is explained based on drawing 6 . Drawing 6 shows the 
gate voltage dependency of the drain current of a thin film transistor. Here, the 
case where there is nothing with the case where a high concentration impurity 
addition layer is shown in a source electrode and a drain electrode surface is 
shown. 

[0013] As shown in drawing 6 (b), when there is no high concentration impurity 
addition layer, if gate voltage increases to a negative side by the OFF state, a 
drain current will come to increase. On the other hand, as shown in drawing 6 (a), 
when there is a high concentration impurity addition layer, gate voltage is almost 
fixed at a negative side, and the increment in such a drain current is not seen. 
[0014] However, a drain current is seen not increase, even if gate voltage is on a 
forward side and is turned on, as shown in drawing 6 (a). A drain current comes 
to fall triple figures from double figures by the ON state so that it may understand 
as compared with drawing 6 (b). And the variation in the drain current of this ON 
state becomes large. 

[0015] The purpose of this invention is to offer the manufacture approach of a 
thin film transistor of having the high ON state current and the low OFF state 



current. 
[0016] 

[Means for Solving the Problem] For this reason, the manufacture approach of 
the thin film transistor of this invention The process which forms the source 
electrode which consists of transparence electric conduction film on said 
insulating substrate, and a drain electrode in the thin film transistor formed on an 
insulating substrate, The process which forms the high concentration impurity 
addition layer which covers said source electrode and drain electrode, 
respectively, and is separated, The process which makes said high concentration 
impurity addition layer expose to the hydrogen plasma generated in hydrogen 
discharge, The process on which the semi-conductor layer which covers said 
high concentration impurity addition layer is made to deposit, and the process 
which forms a gate electrode on said gate dielectric film while forming gate 
dielectric film on said semi-conductor layer are included after exposure of said 
hydrogen plasma. 

[0017] In addition, said semi-conductor layer is formed within the same 
equipment which performs said hydrogen discharge. 
[0018] Here, said high concentration impurity addition layer is a silicon semi- 
conductor layer, and said semi-conductor layer is an amorphous silicon semi- 
conductor layer, a polycrystalline silicon semi-conductor layer, or a microcrystal 
silicon semi-conductor layer. 
[0019] 

[Embodiment of the Invention] Next, the gestalt of operation of this invention is 
explained based on drawing 1 thru/or drawing 3 . Drawing 1 thru/or drawing 3 are 
the sectional views of the order of a production process of the thin film transistor 
of this invention. 

[0020] As shown in drawing 1 (a), the transparence electric conduction film 2 is 
formed on a glass substrate 1. This transparence insulator layer 2 is ITO film of 
150nm of thickness. 

[0021] As shown in drawing 1 (b), this transparence insulator layer 2 is 



processed with a photolithography technique and a dry etching technique, and 
the source electrode 3 and the drain electrode 4 are formed in the predetermined 
field of a glass substrate 1 . 

[0022] Next, it is n+ as shown in drawing 1 (c). The semi-conductor film 5 is 
formed. This n+ The semi-conductor film 5 is an amorphous silicone film of 30nm 
of thickness containing the Lynn impurity, and the Lynn high impurity 
concentration is 1020 atoms / cm3. It is set as extent. 

[0023] This amorphous silicone film is deposited with the plasma-CVD equipment 
which uses the mixed gas of silane (SiH4) gas, phosphine (PH3) gas, and 
hydrogen gas. Here, for 100Pa and the substrate temperature at the time of 
membrane formation, by membrane formation of this amorphous silicone film, RF 
power density of 250 degrees C and 13.56MHz is [ the pressure of mixed gas ] 
0.05 W/cm2. It is set up, respectively so that it may become conditions. 
[0024] Next, it is n+ as shown in drawing 1 (d). Patterning of the semi-conductor 
film 5 is carried out with a photolithography technique and a dry etching 
technique. And the high concentration impurity addition layers 6 and 7 are 
formed on the source electrode 3 and the drain electrode 4. 
[0025] Next, as shown in drawing 2 (a), hydrogen plasma treatment is performed 
to the high concentration impurity addition layers 6 and 7. And the hydrogen ion 8 
in the hydrogen plasma is irradiated by the front face of the high concentration 
impurity addition layers 6 and 7. The natural oxidation film currently formed in the 
high concentration impurity addition layer front face is returned and removed by 
this hydrogen ion exposure. 

[0026] This hydrogen plasma treatment is made by hydrogen discharge within 
the chamber of the above-mentioned plasma-CVD equipment. The electrode in 
the chamber used for hydrogen discharge is an parallel monotonous mold, and 
the frequency of the RF generator of RF is 13.56MHz. Moreover, the temperature 
of the electrode substrate with which a silicon substrate is laid at the time of 
hydrogen discharge is 250 degrees C, and is connected to the monotonous 
parallel anode plate side (ground side) of the above-mentioned [ this electrode 



substrate ]. That is, the configuration of anode coupling is taken. Furthermore, 
RF (RF) power density is fixed to 0.05W (W), and the pressure of hydrogen gas 
is being fixed to 50Pa, respectively. 

[0027] In such hydrogen discharge, even if it makes helium or argon gas mix in 
hydrogen gas, there is same effectiveness. Moreover, this hydrogen discharge 
may be performed with the configuration of cathode coupling by which an 
electrode substrate is connected to a cathode side. 

[0028] Next, as shown in drawing 2 (b), it is formed so that the semi-conductor 
layer 9 may cover the source electrode 3, the drain electrode 4, and the high 
concentration impurity addition layers 6 and 7. Here, this semi-conductor layer 9 
is the amorphous silicone film of 100nm of thickness deposited with above 
plasma-CVD equipment. 

[0029] The mixed gas of a silane and hydrogen is used as reactant gas, and this 
amorphous silicone film is the pressure of 120Pa of this reactant gas, the 
substrate temperature of 250 degrees C at the time of membrane formation, and 
13.56MHz RF power density 0.04 W/cm2. It deposits on conditions. Here, the 
flow rate of silane gas and hydrogen gas is set about to 1 :3. 
[0030] And the amorphous silicon nitride of about 300nm of thickness 
accumulates by the plasma-CVD method, and gate dielectric film 10 is formed. 
[0031] Here, the mixed gas of silane gas, ammonia (NH3) gas, and nitrogen gas 
is used as reactant gas, and the amorphous silicon nitride which is gate dielectric 
film is the pressure of 150Pa of this reactant gas, the substrate temperature of 
300 degrees C at the time of membrane formation, and 13.56MHz RF power 
density 0.08 W/cm2. It is set up, respectively and deposits. 
[0032] Next, as shown in drawing 2 (c), patterning of gate dielectric film 10 and 
the semi-conductor layer 9 is carried out with a photolithography technique and a 
dry etching technique, and they are formed so that it may become island shape. 
[0033] Next, as shown in drawing 3 (a), the chromium film 1 1 accumulates in a 
spatter. Here, the thickness of this chromium film 1 1 is set as about 150nm. 
[0034] Next, as shown in drawing 3 (b), patterning of the chromium film 11 is 



carried out, and the gate electrode 12 is formed. And the passivation film 13 
which becomes the last from a silicon nitride is formed. 

[0035] Thus, the thin film transistor by which it has the source electrode 3 and the 
drain electrode 4 with which the part was covered in the high concentration 
impurity addition layers 6 and 7, this source electrode 3, the high concentration 
impurity addition layer 6, and the drain electrode 4 and the high concentration 
impurity addition layer 7 are covered by the semi-conductor layer 9 and gate 
dielectric film 10, and the gate electrode 12 is formed on gate dielectric film 10 on 
a glass substrate 1 is completed. 

[0036] Next, the effectiveness of this invention is explained based on drawing 4 . 
Drawing 4 shows the gate voltage dependency of the drain current of the thin film 
transistor formed by the approach of this invention. Here, a thin film transistor is 
an N channel mold. 

[0037] As shown in drawing 4 , in this case, gate voltage is almost fixed at a 
negative side, and the increment in a drain current is not seen at all. 
[0038] On the other hand, if gate voltage is on a forward side as shown in 
drawing 4 , a drain current will increase sharply and will become a value high 
triple figures from the double figures of the thin film transistor of a Prior art. And 
the variation in this drain current becomes very small. 

[0039] Thus, the thin film transistor formed by the manufacture approach of this 
invention comes to have the high ON state current and the low OFF state current. 
[0040] The case where a semi-conductor layer is formed with the amorphous 
silicone film of a silicon semi-conductor is explained by the gestalt of operation of 
the above this invention. This invention may not be limited to such semi- 
conductor film, and the microcrystal semi-conductor film or polycrystal semi- 
conductor film, such as silicon and silicon germanium, are sufficient as it. In this 
case, the mobility of a charge improves and the ON state current becomes still 
larger. 

[0041] Moreover, the high concentration impurity addition layers 6 and 7 may 
consist of a polycrystal silicone film and a microcrystal silicone film. Furthermore, 



it mentions that the gate electrode 12 may consist of ITO film. 

[0042] Moreover, the case where this thin film transistor is formed on a glass 

substrate is explained by the gestalt of the above operation. However, this 

invention is not limited to this and mentions that it is also effectively applicable 

also to the thin film transistor on the insulator layer formed on semi-conductor 

substrates, such as a silicon substrate, on insulators, such as plastics. 

[0043] 

[Effect of the Invention] As explained above, in this invention, the high 
concentration impurity addition layer which carries out ohmic contact is formed in 
the front face of the source electrode formed on a glass substrate, and a drain 
electrode. And just before the semi-conductor layer which covers this high 
concentration impurity addition layer is formed, as for the front face of a high 
concentration impurity addition layer, hydrogen plasma treatment is made by 
hydrogen discharge. 

[0044] For this reason, while coming to reduce off ** of a thin film transistor 
sharply, the ON state current of a thin film transistor comes to increase. And this 
ON state current value is stabilized and turns into a big value. 
[0045] Thus, the thin film transistor which has the high ON state current and the 
low OFF state current is stabilized, and, moreover, it can form now easily. 
[0046] By this invention, high performance-ization of a matrix display component, 
a contact type image sensor, etc. becomes very easy. 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not 
reflect the original precisely. 



2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view of the order of a production process of TFT 
explaining the gestalt of operation of this invention. 

[Drawing 2] It is the sectional view of the order of a production process of TFT 
explaining the gestalt of operation of this invention. 

[Drawing 3] It is the sectional view of the order of a production process of TFT 
explaining the gestalt of operation of this invention. 

[Drawing 4] It is drawing showing the gate voltage dependency of the drain 

current explaining the effectiveness of this invention. 

[Drawing 5] It is the sectional view of TFT for explaining a Prior art. 

[Drawing 6] It is drawing showing the gate voltage dependency of the drain 

current of TFT of a Prior art. 

[Description of Notations] 

1 21 Glass substrate 

2 Transparence Electric Conduction Film 

3 22 Source electrode 

4 23 Drain electrode 

5 N+ Semi-conductor Layer 

6, 7, 24, 25 High concentration impurity addition layer 

8 Hydrogen Ion 

9 26 Semi-conductor layer 

10 27 Gate dielectric film 

1 1 Chromium Film 

12 28 Gate electrode 

13 Passivation Film 
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DRAWINGS 



[Drawing 1] 
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[Drawing 4] 




[Drawing 6] 
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(RF)A'7-fIliO. 0577> (W) 7j<^/7' 
XCD&jjte 5 0 P a t -ftL-f tLEIS§ tLT V ^ . 
[00 27 ] itOJ: 5 

7A$,|,l 4iT^a'>^X^^A§-itT 

[0028] mz, 02(b) t^rti a *mfaM 

^16, i^wm-hi.o^zm^ti^. z\ix\ 1 

ISlOOn mvm&is V 3 yfg?Ch h . 

[0029] ^«M«y'J3yl(i y^y^/K^ 
mfe%xwwfrifx t Lxm^^ti, z coKmxcom 

7jl2 0Pa, ®im<OWm&2 5 0T;^ 13. 5 6 
MHz<0RFA7-fS0. 0 4W/cm2 

1 : smstisss^So 

[00 30 ] LT, r5XvCVDffiT|RjP3 00n 

miSw# a B B fy y u yMt)l^it»$^^- Mil 
1 0^'ffM$ti-&o 

t o o 3 1 ] ?- ymmx'fcm&w^v 3 
>a«i. y^y^x. ry^-r (nh 8 ) 

&ustfx<7)E3] 1 5 0 p a . j&mmcomM&m3 0 0 

°C. 13. 5 6MHzy)RF7\°7-^S0. 0 8W/c 

[0032] ifct. 02(c) HZ^tX 0 {Zjf~ Hm 
HI 0&£V¥Mikm9lZ7th VV?77 4%mt V 

yjjiy i-y^imt w--y?zti. mmz% 1 

X d lz&$L^tih . 

[00 33 ] 03 (a) t^iat^nAJll 

l^xy^7^T1t»§fil»o iiT, CioynAJll 
lOHWai 5 0nmmStC|S5g§tlli o 

[0 0 34] iJct. 03 (b) t;^j;5t^ni,|il 
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ix.mtizisv? ymmfr t>%&j*v y 3 y 
mi 3tm&zti&. 

[0035] zcoxoiztx, tfjxm&i±iiz. mm 
mmmmm 6 *> ± # 7 x—mfmhtitz v -xmm 

mm^mmMM e a i if y v a ymm a t nmm^m 
mmnuM 7 tf*m#m 9t?~h mm i o t»s$ 

iu Ymm l 0 _hty- h9M l 2 *%M$ix£ 

[0036] mz„ ^wmmmz^x muzrn^ 

XWmtZ> . 04 i±*HBJ^^T-ffM Lfclf 18 b7V 

[ o o 3 7 ] 04 t^-fi 3 y- b 

[0 0 38] ziimt, m&jttzoizy-hnm 
ifiEWizftht. YvAymfd±±mzmnL, urno 
mmmm v^yyx^^2mt^3 m n v mz% t . 

[oo39] zcox^z, *m<Q9mimimmzti 

[0040] micD#%tycDm&coBM'Cii, ¥mfos 

iz^xmwztix v > s . d ^ i 3 
lzm%.Zii&i>cox%<, %con, y ] )3y, yyny 

y«8K#* 

[0041]^ SiI^WMnH6 , 7(±. m 
H B H y y n yfig, ^l£ H H H y U n y^T-fifiScS^T t> i v\ 

[0042] at, HJio^jfeo^T-tt, zcommv 
?yyx? m ? zmLtizBt&ztiz m^izn ^xm 

coxtc<. %<m. Tyxi-vtm&mmfc-k. yy^ 
ymmm^m^&m^zjfM^ti^mmm^^mm h 
yyyx^izmmwzmmxz tzhw&Lxts 



[0043] 

mm^m v±izmmitz£diz, ^mxa, % 
yzmtiLnzB&ztL&v-xnmt kw ymmcom 

[0044] zntub. mmYyyyx9^ymi± 
mzm^hko^htrnz, mmvxyyxfm 

{i££lyT*££ffii:£6. 
[004 5 ] Z^Xolzlx. ^v^yWifitm*^? 

m&^i-mmhyyyx^^&ix i^h^z 

Bf&X$h£5lz%Z>, 

[0046] ^mmiz i o . v h y ^ x^s^^* 
s>f ^-y-fey-tf-^^sttMt^^t^t^i- . 

[@ffl^^!^] 

[01 ] xmnmkcvmmwT&TFTcvmm. 
nmmmmxh^ 

[02 ] *wmmm<nBmmw-t& t f t<o«bii 

[03 ] *^<0HJfi^»*iiB^-f S T F TCO^jil 

mmmmrnxfot* 

[04 ] *iwB^B«*KBfft4 hw ynmy-h 

[05] iSHJ-f & fctfXOT F T OK)fffi0T- 

[06] fi!5fW)fetB^TFT^HU>f yilSE^y-MK 

1,21 tfyxmm 
2 mmmmm 

3, 22 v~xmm 

4, 23 vujywm 
5 n+^m&m 

6, 7, 24, 2 5 

8 *«4"^-y 

9, 2 6 4^W#;ii 

10, 27 y-hmmm 

11 ^ Oil 
12,28 y-hVM 

13 vN°>/y<-y 3 yji 
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